Background: Leptin is a multifunctional hormone plays an important role in regulating lipid, energy, homeostasis, angiogenesis, inflammation, hematopoiesis and cell cycle. This polypeptide is effective in growth and differentiation of leukemic cells through an Ob-R receptor expressed by them. Objectives: The purpose of this study was to evaluate serum leptin levels in patients with acute leukemia and compare it in lymphoid and myeloid groups.
Background
Leptin is a protein with 146 amino acid and a multifunctional polypeptide hormone which is produced from fat cells and bone marrow cells [1] . Leptin hormone plays an important role in regulating fat, energy, homeostasis, angiogenesis, inflammation, hematopoiesis and cell cycle [1] [2] [3] . Membrane proteins are members of cytokine family and gp130 [4] [5] [6] . This polypeptide not only differentiates the normal cells, but also is effective in growth and differentiation of leukemic cells through an Ob-R receptor. Thus, it can be involved in hematologic malignancy pathogenesis [7] [8] [9] . Angiogenesis plays a key role in stimulation and proliferation of non-solid malignant cells and their extension along with leukemia pathophysiology [10] . On the other hand, environmental factors, including changes in the micro-environment of the bone marrow can have an impact on leukemia development.
In patients with lymphoma the increase of serum leptin levels likely will be used to predict response to treatment or progressive disease in patients with lymphoma [11] . Concentration of adipocytokins is effective in diagnosis and treatment and remission malignancies in adults. Leptin proved, serum levels and resisting levels increase in the children with malignancy in duration of diagnosis and chemotherapy, but the adiponectin has low level. However, it seems that the adipocytokines can be used as new biomarkers in relation with a stage of disease and a reaction to chemotherapy and a target in ALL treatment in futures. Therefore, for its accomplishment, this subject requires more studies on malignancy, especially on pediatric leukemia patients [12] . There was not association between Hodgkin lymphoma and serum leptin levels, but there was correlation between increase serum adiponectin and Hodgkin lymphoma in childhood [13] . Among survived children from leukemia, high levels of leptin along with anthropomorphic and metabolic changes were observed in the years of follow up even in improved patients [14] . Moreover, this multifunctional hormone probably has some antiapoptotic activities that lead to inhibition of apoptosis in leukemia progenitor cells; on the other hand, it enhances the survival of leukemic cells created in the body [15] [16] [17] . Adiponectin levels have an inverse relationship with myeloid leukemia, just unlike other childhood leukemia [13] .
Adipose tissue is the main source of leptin secretion; however, normal and malignant breast tissue has been reported to also secrete leptin. Interestingly, high leptin and low adiponectin have been reported in children with ALL compared to age, sex and BMI matched healthy controls [18] . Krysiak reported the increase in adiponectin levels in leukemia [19] .
Occurring mutations in acute lymphoblastic leukemia (ALL) and acute myeloid leukemia (AML) lead to a polymorphism of leptin receptor gene [20] . Relationship among leptin genotype and the etiology of acute leukemia is not clear but likely there is a correlation between serum leptin levels and properties of high-dose methylprednisolone in patients with acute leukemia [21] .
Several studies show that, there is a significant correlation between serum leptin levels and every anthropometric parameter in patients with acute lymphoblastic leukemia after diagnosis and chemotherapy during in the follow up. Also, these studies demonstrated that there is significant relationship between serum leptin in patients treated with cranial irradiation compared with the noncranial-irradiated patients [22, 23] .
Objectives
According to the above and the possible role of leptin in leukemia this study designed with aim of evaluating the leptin serum levels in children with acute leukemia.
Patients and Methods
In this case-control study, 60 children admitted to the pediatric ward of Ali ibn Abi Talib hospital and were divided into two groups, 30 children as the case group (children with acute leukemia in two groups of 15 patients with AML and 15 with ALL) and 30 children as the control group (healthy children referred to the pediatric clinic for checkups). Age range of all patients was from 6 months to 16 years. Every patient was newly diagnosed and no treatment had been performed and the control group had no malignancy. Exclusive criteria were heart disease, gastrointestinal, endocrine, metabolic disorders, anemia, iron deficiency and chronic kidney disease. They were enrolled after their parents signed the consent forms. Two milliliter blood was drawn from these children in fasting at 8:00 am. Samples were centrifuged for 10 minutes at 5ºC with 3000 g. The separated serum was held in a -70ºC fridge till measuring leptin. Finally, they were transferred to the laboratory of biochemistry, Zahedan University of Medical Sciences. Then, using 250 microns of the isolated serum of these samples, the leptin serum levels were measured by ELISA kit. Data were collected and analyzed in SPSS-20, nonparametric Mann Whitney U statistical and Pearson correlation tests used for the analysis. The level of significant P < 0.05 was considered for the 95% confidence interval.
Results
From all patients 65% were males. The mean of age was 3.44 ± 5.95 year. Mean of leptin serum levels in the case and control groups were 3.06 ± 3.42 and 0.73 ± 0.98 Pg/mL respectively.
A comparison between the mean leptin serum level in the control (0.98 ± 0.73 Pg/mL) and case (3.06 ± 3.42
Pg/mL) groups showed a significant difference (P = 0.014).
Comparison of leptin serum levels in the case group between ALL and AML showed a significant difference (P = 0.014). Comparison of leptin serum levels in sex groups did not show any significant differences ( Table 1 ). The correlation of leptin serum levels with case and control groups was not significant. 
Discussion
According the result of this study, leptin serum levels were higher in children with leukemia than in healthy children whereas leptin serum levels in children with ALL were 2
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higher than those with AML. There was not any relationship between leptin serum levels and age and sex in children with leukemia. Several authors [4, 8, 9, 15] shown the increase of leptin serum levels in children who suffering from leukemia. Same results of the present study demonstrated the fact of increasing leptin serum levels in patients with acute leukemia. In our patients with acute leukemia the leptin serum level increased but was higher in ALL compared to ALM.
Krysiak analyzed the receptor of leptin in leukemic patients and reported an increase in adiponectin levels in leukemia [19] . However, mutations that are occurring in ALL and AML lead to a polymorphism of leptin receptor gene and subsequently the leptin increases in patients [3, 20] Therefore, not leptin only affects normal cells, but it also plays an important role in growth and differentiation of leukemia cells. The receptor of this hormone is expressed by B cells, T cells and CD34 of promyelocytes and explanation of CD34 receptor by stem cells leads to its effects on colonial differentiation of granulocyte-macrophage colony stimulating factor (G-MCSF) and granulocyte-colony stimulating factor (G-CSF) [7] [8] [9] . On the other hand, the most effective factor in the survival and proliferation of tumor cells is angiogenesis. The strongest factor in stimulating angiogenesis in vascular endothelial growth factor (VEGF) endothelial cell is the driving factor of the growth of colonies in granulocytes, which stimulates the G-MCSF production from human strap tough cells. It also stimulates the G-CSF, macrophagecolony stimulating factor (M-CSF), IL-6 production of stem cell factor and endothelial cell. Leptin's synergistic effect on VEGF stimulates angiogenesis [10] . Tavil et al. showed that there was no relationship among leptin genotype and the etiology of acute leukemia in childhood but a likely correlation between serum leptin levels and properties of high-dose methylprednisolone in patients with acute leukemia [21] and this is dissimilar with the results of our study. In our study the leptin serum levels was higher in patients with acute leukemia in compared to controls which is agree with the results of Tavil's study.
Several authors conducted various studies and resulted significant correlation between serum leptin levels and every anthropometric parameters in patients with ALL after diagnosis and chemotherapy during follow up [22, 23] . In our research we also concluded that in patients with ALL the leptin serum levels were increased in similarity. Also, these studies demonstrated that there was significant relationship between serum leptin in patients treated with cranial irradiation compared with their counterparts [22, 23] . Their results are partially consisting by the results of the present research.
In another study conducted by Gorska et al. the leptin serum levels were different in children with acute myeloid and lymphocytic leukemia, they were higher in patients with ALL than AML [24] . We received to a conclusion of higher leptin serum levels in patients with ALL compared to AML in which consists with the later study.
A study by Mariani et al. on patients with CML resulted that, leptin serum level is higher than the reference ranges and in comparison of our results a similarity was found when we measured the leptin serum level in patients with acute leukaemia in terms of ALL and AML [25] .
Findings of a study by Tonorezos et al. suggested that among survivors of childhood leukemia, higher leptin levels were associated with measures of body fat and also anthropomorphic and metabolic changes many years after ALL treatment, and it remains a major health problem facing by survivors and may be related to central leptin resistance [14] . We measured the leptin serum level in patients with acute leukaemia in terms of ALL and AML and concluded similar results with Tonorezos et al. [14] study.
The findings of this study showed strong evidence that in patients with acute leukemia, leptin serum levels increase independently of age and gender. In addition, leptin serum levels in acute lymphoblastic leukemia were higher than acute myeloid leukemia.
